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bndgehead methoxylated tnprenylated xanthonmd. The novel caged structures were determined by de-
tailed NMR spectral analysis and the compounds were found to exhibit significant cytotoxicity against
several cancer cell lines. © 1998 Elsevier Science Ltd. All rights reserved.
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INTRODUCTION

Garcinia gaudichaudii Planch et Triana is native to Indo-China, the Malay Peninsula and Borneo. The
juice from the leaves of the plant is used by the natives to rub on cuts and minor wounds.! A preliminary
communication has been made on the isolation of four cytotoxic tetraisoprenylxanthonoids®and the present paper
reports 15 compounds of this class from the plant. Caged polyprenylated xanthonoids are elaborated by several
other plants exclusively from this genus, e.g. Garcinia morella, G. hanburyi and G. forbesii, which have also
provided various polyprenylated xanthonoids.*!° A common feature of the compounds is the presence of a

bicyclo[2.2.2]octane or tricyclo-4-oxa[4.3.1.0%7] ecan- 2-one as part of the xanthonoid. The earliest study of the
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techniques. The present plant also provided similar types of struct
to gaudichaudiones, some of which were separable diastereoisomers and were elucidated by the use of 2D NMR
techniques. All the compounds were also found to have significant cytotoxic potency against several cancer cell

lines.

RESULTS AND DISCUSSION
Among the 15 compounds isolated from the plant were two xanthonoid-dione derivatives, gaudichaudi-
ones E and F (1a and 2a), with a skeleton similar to gaudichaudiones D and B (1b and 2b), previously reported.”
Gaudichaudione E (1a) was an optically active yellow oil, [a]D” -436.2°, and its molecular formula was deter-
mined as C,;H, O, by HREIMS. The IR spectrum showed absorption bands at 3454 (OH), 1739 (an unconju-
gated carbonyl group), 1689 (an o,B-unsaturated carbonyl group) and 1635 cm™ (a chelated ortho-hydroxyl
carbonyl group). In the UV spectrum, the long wavelength absorption band (A, 356 nm, log € 3.96) was similar

to that of gambogenin (3\ 362 nm, log £4.22).° The 'H NMR (Tabie 1),'*C NMR (Table 2), H-H COSY,NOESY
and HMQC spectra of 1a revealed the presence of one chelated hydroxyl group [BH 12.53 (s, OH)], one aldehyde
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Figure 1. Prenylated Xanthonoid Structures

group [3,,9.25 (s, H-24)], and four proton-coupled systems involving isoprenyl groups. The following structural
information could be deduced: one isoprenyl group which formed a 2-(2-hydroxypropyldihydrofuran ring [,
3.06 (dd, J=9.7 and 15.3, Ha-11), 3.23 (dd, J = 6.4 and 15.3, Hb-11), 4.73 (dd, /= 6.4 and 9.7, H-12), 1.21 (s,

H,-14), and 1.47 (s, H,-15)]; one 3-methyibut-2-enyi group {3, 3.12 (dd, /= 8.1 and 14.5, Ha-16), 2.93 (dd, J
=5.1 and 14.5, Hb-16), 5.02 (m, H-17), 1.70 (s, H,-19), 1 64{;, H,-20)]; one 3-formylbut-2-eny! group [§,,2.79
(m, Ha-21),2.30(dd, J=9.8 and 16.7, Hb-21), 67““*1 H-22),9.25 (s,H-24), and 1.06 (brs, H -25)}; and a fourth

isoprenyl group which formed a CHCH,CHCH=C system [§,2.59 (d, J=9.4, H-27),2.33 (dd, J=4.6 and 13.5,
Ha-26), 1.33 (dd, J = 9.4 and 13.5, Hb- 26) 3.52(dd, J=4. 6 and 6.8, H-7), and 7.56 (d, J = 6.8, H-8)]. In the
HMBC spectrum (Table 3) of 1a, the correlations of the chelated hydroxyl group at C-1 with C-1, C-2 and C-
9a (8 157.5, 106.6 and 100.9), H,-11 and H-12 with C-2 and C-3 (8. 106.6 and 168.6), which confirmed the
presence of the pyran ring, and H,-16 with C-3, C-4 and C-4a (5. 168.6, 102.8 and 158.1) indicated that one part



of the molecule was a phloroglucinol-type aromatic ring with one chelated hydroxyl group at C-1 and one iso-
prenyl group at C-4, which was para to the chelated hydroxyl group. A 2-(2-hydroxypropyl)dihydrofuran ring
was fused to positions C-2 and C-3, The deshielded signal at C-1 (3, 12.53, 5) suggested that a carbonyl group
was peri to the hydroxyl group. These observations provided the structure of the right part of the molecule (Fig.
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The chemlcal shifts of C-28 and C-5 which appeared at 8 respectively revealed that there was an
ether linkage between these two carbons, neither of Wthh was lmked thh C-4a, otherwise they should appear
at about 90 ppm, e.g. C-10a. Furthermore, if the O-linkage at C-5 and C-28 were hydroxyl groups, their *C NMR
chemical shifts (C-5 and C-28) should be close to 70 ppm.'?> Hence, another partial structure of 1a was a rare
tricyclo-4-oxa[4.3.1.0*7]decan-2-one system."* The methylene protons (8, 2.30 and 2.79, H,-21) of the 3-
formybut-2-enyl group correlated with C-10a and C-5 (8, 91.0 and 84.1), which enabled its placement at C-5.
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The conngurauon at the C-22 double bond could be determined as E from NOESY correlations. This was further
Arnficnaad by tha salativaly dacghinaldad aldabkuda genm (R QI8 and 8 108 T fualiiac ~f X QN and K 10N gra
COMIIriiica vy i€ réiatively Gesnieiata aiaGenyac group [0y >.2o a na Oc 155.7 (Vailues OI Oy 7.U, a0a g 17V are
exnected for a Z conficuratiom1.? The structure of the left (caced) fraoment was determin prl ac chown The cor-
expecteciora Zconnguralion).” 10€ structure o the ieft (caged) Iragment was getermineg as snown. 1hc cor

relation between H.-25 and H,-16 in the NOESY spectrum (Fig. 2) allowed the assignment of the structure of
gaudichaudione E asa dlasteremsomer 1a (arising from the introduction of another chiral centre at C-12) of gau-
dichaudione D (1b) which was described earlier.?

Gaudichaudione F (2a) was also isolated as a yellow oil. Based on the HREIMS (m/z 562.2574) , the
optically active compound, [a] ** -469.6°, had the molecular formula C,,H, O, isomeric to 1a. The tricyclo-4-
oxa[4.3.1.0°"]decan-2-one moiety of 2a was identical to that of 1a, but the substituents at C-2 (2-hydroxy-3-
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H) on the pmorogmcmm type ring of 2a differed from 1a. Detailed comparison
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dione B (2b).?

Gaudlchaudnc ac1d A (3) [a] » -281.7° (¢ 3.41, CHCl,), isolated as a yellow oil, was found to have the
molecular formula C, ;H, O, by HREIMS. The IR spectrum of the compound exhibited absorption bands at 3443
(OH), 1736 (an unconjugated carbonyl group), 1665 (an o, B-unsaturated carbonyl group) and 1625 (a chelated
ortho-hydroxyl carbonyl group) cm™. In the UV spectrum, the long wavelength absorption band (A_, 354 nm,
log £ 4.05) was similar to that of 1a. The'H NMR (Table 1), "C NMR (Table 2), H-H COSY, NOESY and HMQC
spectra of 3a indicated the presence of one chelated hydroxyl group [8,, 12.48 (s, OH)] and four proton-coupled

systems invoiving isoprenyi groups. There were one 2- (2»hydroxypropyi)dihydrofuran ring {6,3.09 (m, H,-11),
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473(dd. J =6.5and 9.1. H-12). 1.24 (s. H.-14). and 1.46 (s. H.-15)1. one 3-methvlbut-2-envl group 8 2
(da,s =6.5ana 9.1, H-12), 1.24 (s, n,-14), and 1.46 (s, H,-15}], one 3-m thylbut-2-enyl group 1o, 3. 29

(m. H-16). 520 (m. H-17). 1.74 (s. H-19). 1.68 (s. H .21 one 3-carboxvibut-2-envl oroun I8 2.73 {'m Ha-

UM, £-30), .20, H-27), 174 (8, 133m17), 1.08 (8, 11,-20)), One 3-CarboxXyivut-2-enyi group 10y 2./3 (m, a

21), 3.52 (m, Hb-21), 5.41 (m, H-22), a ’ nd 1.63 (s, H, 25) and a further isoprenyl group which formed a CH-
CH,-CH-CH=C system [§,, 2.56 (d, J = 9.3, H-27), 233 (dd,J=4.6and 13.4, Ha-26), 1.33(dd, /=9.3 and 13 .4,

Hb- ’76) 52(dd,J=4.6 and 6.8, H-7), and 7.45 (d, J = 6.8, H-8)]. HMBC (Table 3) allowed the assignment
of one part as a diprenylated phloroglucinol-type aromatic ring and another part possessing the tricyclo-4-
oxa[4.3.1.0%"]decan-2-one system, similar to 1a. The only difference between 3 and 1a was the interchange of
a carboxylic acid group with the aldehyde group. The configuration of the double bond (at C-22) also dxffered
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optically active compound, [at] ** -325.5° had the molecular formula C,,H,,O,, and was an isomer of 3 From
the NMR data the tricyclo-4-oxa[4.3.1.0>71d as determined to be identical to that of 3,

the NMR data the tricyclo-4 , wa
but the substituents at C-2 (3-meth (OH) and C-4 (2-hydroxy-3-methylbut-3-enyl) on
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Tabie 1. 'H NMR Data of Compounds 1 -4 (in CDCL)*

C# 1a 2a 3 4

7 3.52(i1H,4d,4.6,6.8) 3.52(iH,dd,4.7,6.8) 3.52(1H,dd,4.6,6.8) 3.50(iH,dd,4.4,6.8)

8 7.56(1H,4d,6.8) 7.54(1H,d,6.8) 7.45(1H,d,6.8) 7.53(1H,4d,6.8)

11 323(1H,dd,6.4,15.3) 2950Q2H, m) 3.09(2H,m) 326(2H.,4,7.0)
3.06(1H,dd,9.7,15.3) )

12 4.73(1H,dd,9.7,6.4) 4.40(1H,m) 473(1H,dd,6.5,9.1) 5.20(1H,t,7.0)

14 1.21(3H,s) 4,88 (1H, brs) 1.24(3H,s) 1.67(3H,s)

4.95(1H,brs)

15 1.47(3H,s) 1.83(3H,s) 1.46 (3H,s) 1.75(3H,s)

16 3.12(1H,dd,8.1,14.5) 3.32(2H,m) 3.29(2H, m) 2.75(1H,dd, 9.5, 13.5)
2.93(1H,dd,5.1,14.5) 3.09(1H,d,13.5)

17 5.02(1H,m) 5.14(1H, m) 5.20(1H, m) 4.28(1H,d,9.5)

19 1.70(3H,s) 1.74(3H,s) 1.74(3H, s} 4 88 (1H,brs)

4.89(1H,brs)

20 1.64(3H,s) 1.67 (3H,s) 1.68 (3H,s) 1.86 (3H,s)

21 2.30(1H,dd,9.8,16.7) 2.71(2H,m) 2.73(2H, m) 2.83(1H,dd,7.0,15.8)
2.79 (1H, m) 3.52(1H, m) 3.20(1H,dd,7.0,15.8)

22 6.70(1H, m) 6.30(1H,t,6.8) 5.41(1H, m) 5.72(1H,1,7.0)

24 9.25(1H,s) 9.18(1H,s)

25 i.06 (3H, brs) 1.25(3H,s) 1.63(3H,s) 1.70(3H,s)

26 1.33(1H,dd,9.4,13.5) 1.40(1H,dd,9.4,13.5) 1.33(1H,dd,%.3,13.4) 1.38(1H,dd,9.3,13.5)
2.33(1H,dd,4.6,13.5) 2.36(1H,dd,4.7,13.5) 2.33(1H,dd,4.6,13.4) 2.31(1H,dd,4.4,13.5)

27 2.59(1H,d,9.4) 2.55(1H,d,9.4) 2.56(1H,d,9.3) 2.46(1H,d,9.3)

29 1.32(3H,s) 1.32(3H,s) 1.28(3H,s) 1.26 (3H,s)

30 1.72(3H,s) 1.74 (3H, s) 1.67 (3H,s) 1.58(3H,s)

1-OH 12.53 12.88 12.48 12.79

*Chemtcal%hlft:mnnmandmnare 1thes es(no;pr_romnsiml_l_hphgny coupling constants in Hz)

Table 2. "CNMR Chemical Shifts for Compounds 1-4, 8,12 (in CDCL)

C 1a 2a 3 4 8 12 C# 1la 2a 3 4 8 12

1 157.7 1612 1574 161.3 1633 1633 15 263 187 269 178 178 258

2 106.6 1060 1059 110.6 1055 97.2 16 225 222 225 290 270 29.1

3 168.6 1653 168.1 1647 167.9 1644 17 121.3 1223 1219 786 913 117.6

4 102.8 108.2 1039 104.6 103.6 1058 18 1328 1325 1322 1462 716 1355

4a  158.1 1563 158.5 156.1 1529 158.1 19 179 181 1B.0 1i3.6 245 16.8

5 84.1 83.5 835 837 842 843 20 25.8 257 257 168 26.1 257

6 2031 2032 2041 2032 2025 2018 21 285 291 293 295 289 304

7 466 469 472 469 46.6 849 22 1475 1464 1369 1364 1473 498

8 1354 1353 1345 1349 1357 1345 23 1393 1402 1283 1289 1399 836

8a 1337 1339 1343 1335 1335 1319 24 1957 1945 1683 1700 1944 290

9 178.7 1786 179.6 179.0 178.1 179.1 25 84 8.6 209 207 88 303

9a 1009 1004 101.7 100.7 100.8 1013 26 248 253 252 253 249

10a 91.0 905 904 905 909 894 27 49.0 49.1 48.8 49.1 48.8

11 264 279 263 214 214 222 28 842 840 844 839 833

12 919 772 90.6 1223 1215 121.1 29 288 290 289 288 289

13 71.6 146.3 73.5 132.2 132.1 1357 30 298 299 299 308 300

14 243 110.3 24.1 25.8 257 18.1 OMe 54.0




the phioroglucinol-type aromatic ring were different from those of 3. Detailed comparison of the data [UV, IR,

NMR (Tables 1 and 2), HMQC and HMBC (Table 3)] for compound 4 with those of 3 revealed that 4 was a seco
derivative of 3.

Gaudichaudiic acid C (Sa), [0] > -355.7°, isolated as a yellow oil, was found to have the molecular

formuia (,BJH (.)m by HREIMS. 'H NMR and HMQC spectra indicated the presence of four coupled systems
invoiving isoprenyi groups. The first coupled system was an isoprenyi group which formed a dxmcthylpyran ring

IS ££27s4 F=1NQLI. IT 11\ £ 8871 — NYY_ 1Y xrrm S N - 14 a0
10, VU0, /= 1UUIIZ 111}, 3.0 {d,J=10.0Hz, H-12), dno[wowmaryrm:myxgroups alo 1.55 and 1.48].

The second group was a 1-hydroxy-2,3-epoxy-3-methylbutyl group (8, 5.18 (d, J = 4.1 Hz, H- 16) 333, J=

4 IHZ, !’! ]7\ 1.31 {( Me-19. 1.30(s. Me-20)1 15 The third cvctem a Q_nr)r‘\nvulk . 2_envl aronn (R 2 42 (A4AA
Py AELT RS, 1.0VA0, VADTAUS | T 200 UHEU Sy Sl @ I-LalDUA Y10U-L-Cli Y BTOUP (U, 5.9 164G,
J=10.5,14.7THz, HH—ZI),2.93 (m, Hb- 21) 5.64 (m,H-22),1.68 (S Me-25)] wasiricptchto.h of 3and 4, while

248(d,J= 9 3 Hz, H-27), 2.36 (dd, ] 4.6, 13.6 Hz, Ha 26), 1.37 (dd, J 9.3, 13.6 Hz, Hb 26)]. Correlations
in the HMBC spectrum (Table 3) of the chelated hydroxyl proton at C-1, the olefinic protons H-11 and H-12, and
also the methine proton H-16 to the corresponding carbons showed that the chelated hydroxyl, dimethylpyran
and 1-hydroxy-2,3-epoxy-3-methylbutyl groups were all attached to the same phloroglucinol-type aromatic ring,
with the chelated hydroxyl group para to the 1-hydroxy-2,3-epoxy-3-methylbutyl group. Furthermore, the
deshielded nature of the C-1 hydroxyl proton (3,; 12.99) meant that a carbonyl group had to be peri to the hydroxyl
group in question This allowed the formulation of the partial structure, i.e. the right fragment of the Sa molecule
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group was at
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bemsz the same as that 0f3 Fina ly. correlations in the NOESY spc-t_ um (Fig. 2) from H-16 and H-17 to Me-
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n thc rcqulrcd xanthonoid skeleton. The precedmg spectral cons1derauon hus allowed the NMR asmgnmcm
(Tables 4 and 5) of structure Sa to gaudichaudiic acid C.

Compound 5b, [a], -254.3°, was also isolated as a yellow oil, and HREIMS indicated that compounds
5b and 5a had the same molecular formula. The 'H and *C NMR spectra of 5b were almost (but not exactly)
identical to those of 5a, albeit for some minor differences. The same four coupled isoprenyl systems found in 5a,
viz. the dimethylpyran ring, the 3-carboxylbut-2-enyl group, the 1-hydroxy-2,3-epoxy-3-methylbutyl group and
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diastereomers and 5b was duly named gaudichaudiic acid D
Compound 6, [a] -160.1°, was isolated as a vellnw oil. HREIMS determined the molecular ion as
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C,,H, O, one oxygen less than compounds 5a and Sb. A comparison of the 'H and *C NMR spectra (Tables 4
and 5) of 6 with 5a showed that the substituent at C-4 in 6 was different from the corresponding one in 5a. There
was a 2-hydroxy-3-methylbut-3-enyl group in compound 6, which gave rise to a set of new signals, most noticea-
bly two new singlets in the 'H NMR spectrum at §, 4.97 and 4.85 ppm, typical of a pair of olefinic methylene
protons on a terminal double bond. The observation of signals at 8, 147.4, 110.9 and 17.9 ppm (C-18, C-19 and
C-20 respectively) was also characteristic of a CH,=C(CH,) moiety. With the above data gaudichaudiic acid E
(6) was assigned as shown. This compound is structurally related to the known morellic acid (7) but with

unknown absolute stereochemistry.

Gaudichaudione G (8) was isolated as an optically active yellow oil, {0 * -197.9°, and its molecular
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)PC\:LIC WCIC dliilllal W Bauux HAUUIVLIICY My, D, L adliud 17 (7, &4, 1A allU &G ) ULOLIIULU AUU YL, 11V 11 1TWVLIN | L auliv
4), ¥C NMR (Table 2), 'H-'H COSY, NOESY and HMQC spectra revealed the presence of one 2-(2-
hydroxypropyl)-dihydrofuran ring {8, 2.58 (dd, /=9 O... d16.5,Ha-16),2.68(dd, J=6.9and 16.5, Hb-16),4 .67
(dd, J=6.9 and 9.0, H-17), 1.23 (s, H,-19), and 1.36 (s, H,-20)] attached to C-3,4 and one 3-methylbut-2-enyl
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Table 3. Major long range correlations for 1a, 2a, 3, 4, 5a and 8 in the HMBC experiments

Proton 2J correlation 3J correlation Notes

H-7 C-6% C-8° C-5%, C-8a%*, C-27 not observed in %a and 8

H8 C-7 C-6°,C9,C-10a

H-11 C-2¢, C-12% C-14 C-3, C-13

H-12 C-13=M C-24, C-3t4 C-14/15%¢

H-14 C-13 C-12,C-15

H-15 C-13 C-12,C-14

H-16 C-4¢,C-17 C-3,C-4a°,C-18¢

H-17 C-16# C-19, C-20, C-4¢t not observed in 5a and 8 (except C-3)
H-19 C-18 C-17¢, C-20

H-20 C-18 C-17,C-19

H-21 C-5,C-22 C-10a, C-23, C-6* not observed in 5a except C-22

H-22 C-21%d, C-230ehde C-24, C-25, C-5«k not observed in Sa and 8 (except C-24 & C-25)
H-24 (C-23 C-22,C-25 not observed in 3, 4 & Sa

H-25 C-23 C-22,C-24

H-26 C-27, C-74 C-6,C-8, C-10a, C-28

H-27 C-10a, C-26%, C-28° (-5, C-29, C-30, C-7** not observed in 5a except C-7,10a & 28
H-29 (C-28 C-27,C-30

H-30 C-28 C-27,C-29

1-OH C-1 C-2,C-9a

hedef P o R M 4 1 N s : N
“¥%superscripts refer to ia, 2a, 3, 4, 5a and 8 respectively, where correiations were weak or not observed under the

exmnmenml conditions

group [8,3.22(m, H,-11),5.21 (m, H-12), 1.69 (s, H,-14), 1.75 (s, H,-15)] attached to C-2. The HMBC spectrum
(Table 3) of 8 supported the structure assigned, espemally the corrclatnons of H,-16 and H-17 with C-4 (8. 103.6)

and C- J which confirmed the presence of the ﬂy(ll'OIl]l'dl’l I'lI'lg as a structural variation in the series of gaumcndu—

7-methoxyl derlvatwe gaudichaudione H (12) was solated a minor compound. 12 was a hght yellow oil,
[rx] % -132.8°, and its molecular formula was determined as C H O by HREIMS. The IR spectrum of the

comDound showed absorption bands at 3454 (OH), 1744 (C—O) Zm’ 1653 cm™ (chelated C=0). In the UV
spectrum, the long wavelength absorption band (A__ 358 nm, log € 3.67) was similar to that of the other
gaudichaudiones (e.g. 1a and 2a). The NMR data (Tables 4 and 2) revealed two clear features - one methoxyl
[0,,3.63 (s, OMe-7), 6. 54.0] at C-7 and the C-2 position was unsubstituted [5,, 6.05 (s, H-2), 8_.97.2 (d)]. Other
features were two hydroxyl groups [8,, 12.53 (s, OH-1, chelated) and 6.25 (s, OH-3)] and three proton-coupled

systems arising from isoprenyl groups. There were two 3-methylbut-2-enyl groups [, 3.40 (br. d, 6.7, H,-11),

Aké\l/ HOOC "\\(ﬂ / /—74\(
el oy 4 N,

A """1 4()\"\

T WO W0

-
la: 22 E,R=CHO

5a & 5b
3 :227Z,R=COOH . 12
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Table4. 'HNMR Data of Compounds 5a, 5b, 6, 8, and 12 (in CDCl,)

C# S5a 5b 6 8 12
2 6.05(1H,s)
7 3.53(1H,dd, 3.51(1H,dd, 3. ‘G(‘H,dd, 3.53(1H,dd,
4.6,7.0) 4.8,7.0) 47,6.9) 4.5,7.0)
8 7.57(1H,d,7.0) 7.58(1H,4d,7.0) 7.56(1H, d,6.9) 7.56(1H,d,7.0) 7.49(s)
11 6.63(1H,d, 10.0) 6.63(1H,d,10.0) 6.64(1H,d, 10.0) 3.22(2H,m) 3.40(2H,brd,6.7)
12 5.55(1H,d,10.0) 5.55(1H,d,10.0) 5.52(1H,d,10.0) 5.21(1H,m) 5.23(1H, m)
14 1.55(3H,s) 1.52(3H,s) 1.49(3H,s) 1.69(3H,s) 1.80(3H,s)
i5 i.48(3H,s) 1.36(3H,s) 1.26(3H,s) 1.75(3H,s) 1.75(3H,s)
16 5.18(1H,d,4.1) 5.12(1H,d,4.9) 2.81(1H,dd, 3.7, 2.58(1H,dd,9.0, 2.55(2H,m)
14.1);2.94 16.5); 2.68(1H,
(1H, m) dd, 6.9, 16.5)
17 3.33(1H,d,4.1) 3.28(1H,d,4.9) 4.35(1H,dd, 4.67(1H,dd, 443(1H,m)
3.7,10.2) 6.9,9.0)
19 1.31(3H,s) 1.51(3H,s) 4.97(1H,s) 1.23(3H,s) 1.05(3H,s)
4.85(1H, s)
20 1.30(3H,s) 1.45(3H,s) 1.85(3H,s) 1.36(3H,s) 1.38(3H,s)
21 3.43(1H,dd, 2.88(2H,m) 2.94(1H,m); 291(1H,dd, 9.1, 1.60(1H,dd, 9.6,
10.5,14.7); 3.07 (1H, dd, 15.2); 3.03(1H, 12.8);2.36 (1H
2.93 (1H, m) 8.3,15.0) dd, 8.5, 15.2) d,12.8)
22 5.64(1H,m) 5.87(1H,m) 5.86(1H, tm, 6.58(1H,dd, 2.60(1H,brd,9.6)
8.3,1.3) 8.5,9.1)
24 9.32(1H,s) 1.31(3H,s)
25 1.68 (3H,s) 1.79(3H, s) 1.74(3H,s) 1.33(3H,s) 1.67(3H,s)
26 1.37(1H,dd,9.3, 1.38(1H,dd,9.4, 1.38(1H,dd, 1.40(1H,dd,9.8,
13.6); 2.36 (1H, 13.4); 2.33(1H, 9.3,13.6);2.33 13.5); 2.34 (1H,
dd, 4.6, 13.6) dd,4.8,13.4) (1H,dd,4.7,13.6) dd, 4.5, 13.5)
27 2.48(1H,d,9.3) 2.60(1H,d,9.4) 2.52(1H,d,9.3) 2.50(1H,d,9.8)
29 1.29(3H,s) 1.28 (3H,s) 1.29(3H,s) 1.32(3H,s)
30 1.67(3H,s) 1.73 (3H,s) 1.72(3H,s) 1.70(3H,s)
I-OH 12.99 12.55 12.51 12.87 12.51(s)
OMe 3.63(3H,s)
* Chemical shifts in ppm and in parenthesis (no. of protons, multiplicity, coupling constants in Hz)
Table5. "CNMR Chemical Shifts for Compounds 5a, 5b and 6 (in CDCl,)
C# Sa 5b C# S5a 5b 6 C# 5a 5b 6
1 159.5 1594 1583 9a 100.2  100.5 100.9 20 24.9 25.0 17.9
2 103.8 103.7 103.1 10a 91.2 91.1 91.1 21 29.9 29.7 29.5
3 1615 1616 161.8 11 115.1 115.1 115.4 22 135.5 136.0 135.5
4 108.3 108.5 104.8 12 126.4  126.5 125.9 23 129.8 1294 128.7
4a  157.1 1575 1582 13 79.7 79.7 794 24 1684 168.6 168.4
5 84.1 833 84 14 286 284 28.7 25 20.7 20.8 20.8
6 202.7 203.1 2028 i5 282 28.3 28.6 26 256 25.5 253
7 470 473 47, i6 636 62.8 254 27 492 48.9 49.1
8 135.7 136.0 136.2 17 66.3 65.8 75.0 28 83.6 84.3 84.0
8a 1329 1328 1332 18 586 602 1474 29 291 288 2838
9 1793 1792 1792 19 18.7 18.8 110.9 30 30.3 303 30.6




5.23 (m, H-12), 1.80 (s, H,-14), 1.75 (s, H,-15), 2.55 (m, H,-16), 4.43 (m, H-17), 1.05 (s, H - 19), 1.38 (s, H,-20)],
and the third isoprenyl group which formed a CH—CHZ-CH-CH=C system [§, 2.60 (br d, J=9.6,H-22),2.36 (d,
J=12.8,Ha-21),1.60(dd, /J=9.6 and 12.8, Hb-21),and 7.49 (s, H-8)]. H-H COS Y, NOE-difference and NOES Y
spectra (Fig. 2) were also recorded from the dilute solution. When the H-2 proton (SH 6.05)] was irradiated, an
enhancement of the chelated hydroxy proton signal was observed which meant that the chelated hydroxy group
(6H 12.53, OH-1) was meta to the another hydroxy group (8, 6.25, OH-3), and one isoprenyi group was at C-4
in the phloroglucinol aromatic ring. A NOESY correlation between H-14 and H-17 enabled us to determine the

structure of 12, which was a 7-methoxy derivative of 11 (Fig. 2).
It is of chemotaxonomic interest that polyprenylated xanthonoids were dominant only in Garcinia
species. Garcinia gaudichaudii furnished as many as 15 such caged tri- and tetra- -prenylated xanthonoids, i.e.

gaudichaudic acids (3, 4, 5a, Sb and 6), gaudichaudiones (1a, 1b, Za, 2b, 7, 8,9, 10 and 11) and 7-
methoxygaudichaudione G (12). Gaudichaudiones A (9), B (2b), C (10) and D (1b) have been described
previously? but 12 is interesting due to the oxygenated bridgehead. Polyisoprenylated xanthonoids are consid-
ered to have a mixed shikimate-triacetate and isoprenoid biosynthetic origin®, the isolation of 12 is indicative that
the prenylation of the shikimate-triacetate precursor has occurred prior to cyclisation to the caged system. The
isolation of diastereomers for some of the above structures indicates there may be a lack of stereospecificity in
the creation of one of the centres of chirality but the absolute configurations of such compounds have not yet been
determined. Other chiral bicyclic and tricyclic prenylated xanthonoids have been reported from G. moreiia, G.
hanburyz and G. forbesu 10 and the natural products can contain three to ﬁve moprenyl groups
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- 8 ug/ml; all compounds were cytotoxic except for one cell line where compounds 4 and 5a were inactive. The

18]

vVas Y
aldehydic compounds in general show higher toxicity than the acids. Most planar xanthones do not show such
bioactivity and the cytotoxicity of the present compounds appear to be facilitated by the tricyclo-4-

oxa[4.3.1.0*7]decan-2-one moiety of each molecule.

Table 6. Cytotoxic Activity of Caged Prenylated Xanthonoids

Cell-line 1a 1b 2a 2b? 3 4 5a 6 8 92 10

P388 0.20 0.32 0.38 0.51 2.8 15 11 35 0.24 0.42 1.2

WEHI1640 043 0.41 1.0 042 4.0 5.0 8.6 - 0.45 2.85 0.50

MOLT4 0.38 0.10 0.40 0.38 0.7 4.0 3.1 3.9 0.37 1.3 0.21

HePG2 3.8 35 6.0 32 9.2 >30 >30 8.0 4.1 8.0 20

LiL/2 38 2.9 3.2 3.5 0.5 22 3.1 2.9 33 050 40
EXPERIMENTAL

X7y

General procedures. EIMS was run on a Micromass VG 7035 m
£
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ICLUIUCU Uy DIUKCI n\,r QUU |[OUU IVITEL | I1) atiia 70 IVll'.lL L b}j AllU ALVIA JUU | JUY IVITLL

("*C)] instruments using CDCI,, with TMS as an internal standard unless otherwise stated. IR
n le ard

recorded on a Rio-Rad FTIR cr\pr‘trnmphar and UV spectra were recorded o
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O

array spectrometer. Liquid chromatography was performed on silica gel (Kieselgel 60 0.040-

erltatlictiel,. A4t

Sephadex LH-20. TLC was by Merck silica gel 60 F,, precoated glass plates.

Plant material. The leaves of Garcinia gaudichaudii were collected from Mt. Tawai, Kinabatangan, Sabah,
Malaysia in 1996 and identified by J. T. Pereira and L. Madani. A voucher specimen SAN 135145 was deposited
at the herbarium of the Forest Research Centre, Sepiiok Sandakan, Sabah, Malaysia. The dried and powdered
leaves (1 Kg) were extracted first with hexane (24 h, 5 x 6 L), then with CHCL, (24 h, 5 x 6 L), and finally with

acetone (24 h,5 x 6 L) in a Soxhlet apparatus. The CHCI, yielded residue of 30 g in vacuo an d this was fractionated
by silica gel (Merck 9385, 1.8 Kg) column eluting with hemne with a gradient of ethyl acetate to 100%, followed

Merckyas), 1 O AR GRS LRI p WA 1L AANL, g Licliit 1UY 1ULU

ug
@
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by CHC1/MeOH (10:1 to 1:1 gradient). The compounds were eluted in the following order: 2a (8.3 mg,
0.00083%), 1a (8.9 mg, 0.00089%), 3 (34 mg, 0.0034%), 4 (6.2 mg, 0.00062%). From the crude hexane extract
(14 g), Sa (3.5 mg, 0.00035%), 5b (1.4 mg, 0.00014%) and 6 (1.7 mg, 0.00017%) were isolated by silica gel
(800 g) chromatography, eluenting with hexane:ethyl acetate (20:1) followed by CHCI,:MeOH (1:1).
Gaudichaudione E (1a): yellow oil; [0],7 -436.2° (c 0.89, CHCl,); UV (EtOH) A___236 (4.06), 356
(3.96)nm; IR (KBr) v _3454,2974,2923,1739, 1689, 1635, 1457, 1334 cm'; '"H NMR (CDCl,) and *C-NMR
L

705 Yl IR PN TITR My r~ N e amA sy m
04

(CDCl,) data, Tables 1 and 2 respectively; EIMS m/z 562 [M]* (20), 544 (18), 501 (10), 423 (60), 382 (40),

(sadindniaedi e, B ¥0\e uyallasy ~ile Tl 25 ALEQ £° /.0 Q2 LT A TTU /DDeMETY ) s b 1o A PP Oy B Lo B Y

VGRHGICRAUWGIOTIE T \4aa& ). yLiuow o, |_U._|D U7,V (( V.00, Lﬂbl3}, U Y (LAVrn) A'mu L& MU E4.04),
28R4 TMnm- TR (KR v 2482 2091 2260 1722 14AR7 164N 14672 1714 ~ea-l ILT_RNINAD (OTW \ and 130
SO TF LV LERELy AEN \NDL ) Vmax FTIO, L& dy kOUV, 17100, 1UO T, 1UTYU, 1TTUJ, 141U VILL , EXI7INIVIIN \bu\alsj alu - o
NMR ( 1 ata Tahles 1 and 2 resnectivelyv: EIMS m/z 562 TM1I+ (10) 544 (A0 501 (24) AQ72 (70) 487
AL AR, Lala, 2als QUL L aUSPULIVULY , 30auVaS WL DUL VA ) 1V ), JTT TV, JUL (&7, TTL i1V, TU5
(80), 405 (60); HREIMS m/z 562.2574 (caled for C,H,,0,, 562.2567).

Gaudichaudiic acid A (3): yellow oil; fnf] 2 .281.7°(c 3.41, CHCIS); UV (EtOH) 1_. 234 (4, 13), 354
(4.05)nm; IR (KBr) v 3443, 2979, 2927, 1736 1665, 1625, 1605, 1435, 1134 cm™; 'H- _NM_R (CDCl,) and

BC- NMR (CDCL, )data Tables 1 and2resoect1velv EIMS m/z 578 M1+ (1), 560 (2), 532 (3), 507 (6; 479
(6.5); HREIMS, m/z 578.2545 (calcd for C,;H, O, 578.2516).

Gaudichaudiic acid B (4): yellow oil; [a]u” -325.5° (¢ 0.62, CHCl,); UV (EtOH) A__ 228 (4.20), 358
(3.97)nm; IR (KBr)v__3449,2979,2926, 1736, 1684, 1632, 1449, 1331 cm™; '"H-NMR (CDCl,) and *C-NMR
(CDCl,) data, Tables 1 and 2 respectively; EIMS m/z 578 [M]* (1), 560 (1), 532 (1), 505,(3), 479 (6.5);
HREIMS, m/z 578.2518 (caled for C;H,,0,, 578.2516).

Gaudichaudiic acid C (5a): yellow oil; [a] ;**-355.7° (¢ 0.35, CHCL,); UV (EtOH) A__ 234 (4.19), 276
(4.10), 286 (4.06), 352 (3.91) nm; IR (KBr) v__ 3447, 2963, 1654, 1593, 1458, 1262, 1135 cm; 'H-NMR
(CDCL) and BC-NMR (CDCl,) data,Tables 4 and 5 respectively; EIMS m/z 592 [M]* (2), 574 (3), 559 (5), 521
(9), 435 (28), 349 (13), 247 (21), 149 (15); HREIMS m/z 592.2281 (calcd for C,,H, O, , 592.2308).

Gaudichaudiic acid D (5b): yellow oil; [a] ** -254.3°(c 0.14, CHCL,); UV (EtOH) A__ 222 (4.09), 276
(3.90), 286 (3.91), 350 (3.80) nm; IR (KBr) v__ 3448, 2918, 1653, 1458, ‘2 62, 1145 cm-1; 'H-NMR (CDC 1)

\ P o e atal IR Fam

and *C-NMR (CDCl,) data, Tables 4 and 5 respectively; EIMS m/z 592 [M]* (2), 574 (8), 559 (8), 521 (i5),
ENnI LN .li N FINY MNAE rA0N 1TAN /AN, TTDIITRARAC = LM IT N NN NINON
SU3(6), 4 tor 0, U, , 392.25Us).

9 (50), 323 (19), 245 (28), 145 (29); HREIMS m/z 552.2305 (calcd
43

36
Gaudichaudiic acid E (6): yellow oil; [a] ** -160.1° (c 0. ; UV (EtOH) A__ 220(4.01),278
7

s

(276 DQL 2 TON 28Q 11 TN v TD FWW D) 1y ')/'/1’1 201Q 1 1 1AQ8 1A% 1A2R 1847 1A8Q 1120 ~am-ls
{3.70}, 260 \J.l7}, 336 (3. /U) I, IN(RDI) V 3455, 2710, 1/V1, 10063, 1057, 1036, 1344, 1436, 115785
‘. NMR (COTH] Y and BCNMR (Y1 Y Aata Tahlac 4 and & recnectivaly: RFIMS m/> STA TM1+ (2) S8R (R)

ETLNLIYAEN \\/UDISI Qariu T L NAVARN \\/.—’\/13} Moty 1A GUIVO T ALl lvoyv\«tl VV‘J 3 AwALIVANT TIW &, «/ i \J JAVA ] \~/ Jy ~/7W0 (W),
505 (100). 477 (68). 419 (40). 339 (40). 231 (SM. 149 (25): HREIMS m/z 576.2365 (calcd for H O
U RV, 277(08), 5157 (&Y, 237 (8U), 221 (V) 1467 (22)) RIS AT 270,420 (CalCC 10T L .10
576.2360)

Gaudichaudione G (8): yellow oil; [0] ) -197.9° (¢ 0.93, CHCL); UV (EtOH) A__ 220 (4.32), 332 sh
{3.85), 356 (3.93) nm; IR (KBr) Voo 3454, 1752, 1654, 1646, 1637 c¢m’!; 'TH-NMR (CDC]S) and BC-NMR
(CDCl,) data, Tables 4 and 2 respectively; EIMS m/z 562 [M]* (6),534 (2) 519(2),507 (4),479 (4), 367 (14),
325 (10) 229 (10), 43 (100); HREIMS m/z 562.2575 (calcd for C, H, O, 562. 2567).

Gaudichaudione H (12): yellow oil; [a] ;** -132.8° (¢ 0.33, CHCL,); UV (EtOH) A 214(4.05),332sh
(3.60), 358 (3.67) nm; IR (KBr) v__ 3454, 1744, 1653, 1559 cm’; 'TH-NMR (CDCL,) and BC-NMR (CDCL)
data, Tables 4 and 2 respectively; EIMS m/z 494 [MT* (1), 466 (78), 397 (60), 369 (40), 247 (62); HREIMS
m/z 494.2312 (caled for C, H,,O,, 494.2305).

297347

Gaudichaudiones A-D (9, 2b, 10, and 1b respectively) have been described earlier.”

Bioassays. The following cell lines were used: P388 (mouse lymphocytic leukemia), WEHI1640 (mouse fi-

brosarcoma), THP- 1 (human monocytic leukemia), MOLT4 (human lymphobiastic leukemia), HePG2 (human
hepatocellular carcinoma), LL/2 (Lewis Iung carcinoma, mouse). Cell survival was evaluated by using MTT-

tetrazolium assay as described prekusxy '6 Results are given in Table 4; according to the criterion set by the
" e ~
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